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ABSTRACT 
PHYSIOLOGICAL CHANGES ASSOCIATED WITH LEAF SENESCENCE IN 
EASTER LILIES {Lilium longiflorum Thunb.) 
SEPTEMBER 1995 
ROSANNE E. FRANCO, B.S., BRIDGEWATER STATE COLLEGE 
M.S., UNIVERSITY OF MASSACHUSETTS AMHERST 
Directed by Professor Susan S. Han 
The physiological effects of foliar treatment with 
gibberellic acid (GA3) at 500 mg/1 and benzyladenine (BA) at 
500 mg/1 individually and in combination were determined 
with excised Easter lily leaves. Loss of chlorophyll, a 
climacteric respiratory pattern and depletion of 
carbohydrate levels were exhibited during the senescence of 
untreated leaves. Ethylene production was not detected. 
Treatment with GA3, BA, or BA+GA3 increased leaf longevity, 
lowered respiration rates, and delayed the climacteric rise 
of the leaves. Degradation of starch, sucrose, and fructose 
were significantly delayed by treatment with GA3 but not 
with BA+GA3. Compared to the control, treatment with BA 
significantly delayed consumption of sucrose but not starch, 
glucose or fructose. Application of BA or GA3 before or 
after a 4-week period of cold storage or after the 
initiation of chlorosis resulted in increased leaf 
longevity, lowered respiration rates, and a delayed 
climacteric rise. Carbohydrate analysis showed that leaves 
V 
tiTsatGci with BA or GAj did not consistently preserve 
carbohydrate levels in the cold storage experiment and 
maintained the same levels as the controls in the delayed 
treatment experiment. 
Based on the results of this study, BA and GA^ affect 
the carbohydrate levels differently, though both growth 
regulators markedly delay foliar chlorosis. The effects of 
BA and GA3 on delaying leaf' senescence, therefore, appear to 
be independent of their effects on carbohydrate levels. 
Application of growth regulators to Easter lily leaves may 
be a viable solution for delaying postproduction leaf 
yellowing and thus enhancing the postproduction guality of 
the potted plants. 
vi 
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CHAPTER I 
INTRODUCTION AND LITERATURE REVIEW 
A.Introduction 
Easter lilies {Lilium longiflorum Thunb.) are ranked 
fourth in wholesale value in the potted plant market 
(Miller, 1992). In 1988, 7.6 million potted Easter lilies 
were sbld for 28 million dollars in the wholesale market 
(Weiler, 1992) . The narrow marketing time for this crop 
requires that plants which have reached a marketable stage 
before Easter be cold-stored. Once removed from cold 
storage, foliar chlorosis of lower leaves occurs rapidly on 
some plants, markedly reducing their quality (Prince et al., 
1987) . Foliar chlorosis was considered the primary factor 
causing postproduction loss of Easter lilies (Staby and 
Erwin, 1977) . Several chemicals, including spermidine, STS, 
and phenidone, have been tested and were found ineffective 
in delaying the development of foliar chlorosis (Prince and 
Cunningham, 1989; Prince et al., 1987). 
Plant hormones, such as auxins, cytokinins, and 
gibberellic acids delayed senescence of various plant 
species including Nicotiana tabacum (tobacco) (Anderson and 
Rowan, 1968; Singh et al., 1992a&b), Tropaeolum majus 
(nasturtium) (Beevers, 1966; Beevers, 1968), Glycine max 
(soybean) (Garrison et al., 1984; Hicklenton, 1991; Nooden, 
1986; Nooden et al., 1990), and Alstroemeria pelegrina 
(alstroemeria) (Hicklenton, 1991). Gibberellic acid (GA,) 
1 
and benzyladenine (BA) delay senescence in few plants (Jordi 
et al, , 1993) . Senescence of Easter lily leaves, however, 
is delayed by both GAj and BA, and their combination (Han, 
1994) . Easter lily leaves would, therefore, serve as a 
model system with which to determine the mechanisms by which 
the two different plant hormones affect leaf senescence. 
B.Literature Review 
1.Senescence Characteristics 
Senescence of plant tissue is the final stage of plant 
development and a way to recycle necessary nutrients (Jiang 
et al., 1993; Nock et al., 1992). Changes associated with 
senescence include loss of chlorophyll (Choe and Thimann, 
1975; Langmeier et al., 1993; Nock et al., 1992; Okada et 
al., 1992; Rodriguez et al., 1987), breakdown of chloroplast 
ultrastructure (Hashimoto et al., 1989; Hernandez-Gil and 
Schaedler, 1973), increase in cellular membrane permeability 
(Haber et al., 1969; Malik and Thimann, 1980), decrease in 
mRNA (Bate et al., 1991; Jiang et al., 1993), changes in 
l0vels of various proteins (Bate et al., 1991; Choe and 
Thimann, 1975; Crafts-Brandner, 1991; Jiang et al., 1993; 
Nock et al., 1992), increase in breakdown of carbohydrates 
(Crafts-Brandner, 1991; Gwathmey et al., 1992; Jiao et al., 
1986; Miller and Langhans, 1989) , and increase in 
respiration rates and ATP levels (MacLean and Dedolph, 1962; 
Malik and Thimann, 1980; Pilbeam, 1992; Tetley and Thimann, 
1974). 
2 
a.Loss of Chloroplast Function 
Loss of chlorophyll and thylakoid proteins are 
characteristic of senescence (Hashimoto et al, 1989; Okada 
et al., 1992). The decline in chloroplast activity (Ford 
and Shibles, 1988) is followed by a decrease in chloroplast 
number (Ford and Shibles, 1988; Hashimoto et al., 1989; 
Kura-Hotta et al. , 1990; Wittenbach et al., 1982). 
Senescence is more rapid when leaves are placed in the dark, 
as are the rates of chlorophyll and thylakoid protein losses 
(Hashimoto et al., 1989; Jordi et al., 1993). 
Several protein inhibitors have been utilized to 
determine the role of proteins in senescence and chlorophyll 
breakdown. Chloramphenicol and streptomycin, inhibitors of 
chloroplast protein synthesis, do not delay chlorophyll 
degradation in Oryza sativa (rice) leaves (Okada et al., 
1992) . Cycloheximide, a specific inhibitor of protein 
synthesis in the cytoplasm, delays degradation of 
chlorophyll and thylakoid membrane proteins. Chloroplast 
breakdown is thus affected by enzymes produced by 
cytoplasmic ribosomes. Another study also demonstrated that 
cytoplasmic protein synthesis is necessary for the enzymatic 
breakdown of chlorophyll (Langmeier et al., 1993). The 
activity of Mg2*-dechelatase, an enzyme which removes Mg^’ 
from chlorophyll and is present in a latent form in 
presenescent chloroplasts, was reduced by treatment with a 
cytoplasmic protein synthesis inhibitor,, D-2-(4-methyl-2,6- 
3 
dinitroanilino)-N-inethyl-propionainide (D-MDMP) . The authors 
thus suggest that cytoplasmic protein synthesis is necessary 
to activate the latent form of Mg^^-dechelatase. 
Other studies suggest that synthesis of proteins, other 
than those in the cytoplasm, may contribute to leaf 
senescence. Chlorophyllase, which originates from the 
increases with the increase of chlorophyll loss 
« 
and leaf senescence of Hordeum vulgare L. cv. robur (barley) 
(Rodriguez et al., 1987). 
b.Change in Protein Levels 
Protein levels also change during leaf senescence (Bate 
et al., 1991; Choe and Thimann, 1975; Nock et al., 1992). 
Ribulose 1,5 bisphosphate carboxylase/oxygenase (Rubisco) 
declines as senescence occurs (Crafts-Brandner, 1991). The 
loss of Rubisco may be a result of its degradation or a 
decline of mRNA necessary to translate Rubisco (Jiang et 
al., 1993). As the mRNA levels for photosynthetic enzymes 
decrease, the mRNA levels for degradative proteins increase. 
Total leaf protein decreases during senescence but the 
activity of two proteases increases (Martin and Thimann, 
1972) . Application of cycloheximide, an inhibitor of 
cytoplasmic protein synthesis, resulted in decreased amounts 
of these two proteases. Chlorophyll loss increases as a 
result of increases of Mg^*”dechelatase and chlorophyllase, 
enzymes that degrade chlorophyll (Langmeier et al., 1993; 
Rodriguez et al., 1987). 
4 
c.Increase in Respiration Rates 
Senescence is often associated with an increased rate 
of respiration (MacLean and Dedolph, 1962). Several 
theories have been proposed to explain the increase in 
respiration. The uncoupling theory states that 
phosphorylation is uncoupled from respiration (Tetley and 
Thimann, 1974) . However, this theory was disproved when ATP 
levels were found to increase with the rate of respiration 
during senescence (Malik and Thimann, 1980; Thimann, 1980). 
A second theory is that the increase in respiration is 
partly due to the increase in respiratory substrates (Malik 
and Thimann, 1980; Tetley and Thimann, 1974; Pilbeam, 1992). 
When respiratory substrates such as 0.3M of L-alanine, L- 
serine, and glycine were added to presenescent Avena sativa 
(oat) leaf segments, the respiration increased by 52%, 37%, 
and 50%, respectively (Tetley and Thimann, 1974). A third 
theory proposes that membrane permeability increases during 
senescence, so that the mitochondria receive greater amounts 
of respiratory materials (Malik and Thimann, 1980). 
However, none of these theories fully account for the 
magnitude of the increase in the respiration rate which 
typically occurs in plants during senescence (Malik and 
Thimann, 1980; Pilbeam, 1992; Tetley and Thimann, 1974). 
d.Changes in Carbohydrate Content 
Another physiological change in senescent plant tissue 
is the increase in carbohydrate breakdown (Miller et al.. 
5 
1993) . Transmission electron micrographs demonstrate that 
starch reserves in chloroplasts diminish in senescent leaves 
al., 1982) . In tobacco and soybean leaves, 
carbohydrate levels decrease during senescence (Crafts- 
Brandner, 1991; Gwathmey et al., 1992). A possible 
explanation is that the photosynthetic rate necessary to 
replace hydrolyzed starch reserves is impeded by the loss of 
chlorophyll (Haber et al., 1969). 
An increased rate of leaf senescence in Easter lilies 
is observed when growth retardants, Paclobutrazol [{(±)- 
(R*,R*) -B( (4-chlorophenyl)methyl) -a-(l, 1,-dimethylethyl) -1 
H-1,2,4-triazole-l-ethanol}] and ancymidol [{a-cylopropyl-a- 
(p-methoxyphenyl)-5-pyrimidinemethanol} ] , are used to 
control plant height (Jiao et al., 1986). Application of 
these growth retardants resulted in decreased soluble sugar 
and starch content in the lower leaves. This led Jiao et 
al. (1986) to conclude that transport of carbohydrates from 
lower leaves to the flowers causes a decline in leaf 
carbohydrates which may lead to early foliar chlorosis. 
Another method for height control involves the manipulation 
of day and night temperature in the greenhouse, otherwise 
known as "DIF** (Erwin, 1992). The use of negative DIF, 
where the day temperature is lower than the night 
temperature, has the undesirable effect of leaves that 
become chlorotic and curl downward. Lower levels of leaf 
carbohydrates have been reported on Easter lilies grown at 
6 
negative DIF temperatures (Miller et al., 1993). The two 
studies on DIF thus support Jiao et al.'s (1986) theory that 
lowered carbohydrate levels may induce leaf chlorosis and 
ultimately, early leaf senescence in Easter lilies. 
2.Growth Regulator Control of Senescence 
Several growth regulators delay the process of 
senescence in various plant species (Beevers, 1966; Smart et 
al., 1991) . Cytokinins and gibberellins work well, 
individually or combined, to delay senescence in both leaves 
(Malik and Thimann, 1980; Nooden, 1986; Singh et al., 1992a; 
Singh et al., 1992b; Thimann, 1980; van Doom et al., 1992) 
and flowers (Cook et al., 1985; Saks and van Staden, 1992). 
The physiological range of effects of these hormones include 
a delay in chlorophyll loss, proteolysis, and RNA 
hydrolysis, as well as lowered respiration rates which, when 
combined, delay the progress of senescence (Thimann, 1980). 
The exact mechanism of these growth regulators has yet to be 
determined (Martin and Thimann, 1972; Shibaoka and Thimann, 
1970). 
a.Cytokinins 
Senescence has been correlated with a decrease in 
endogenous levels of cytokinins (Singh et al., I992d; Smart 
et al., 1991; Thimann, 1980). Cytokinins when applied 
exogenously before senescence. 
delay the onset of senescence 
(Beevers 
1985). 
1966; Beevers, 1968; Thimann, 1980; Thimann 
The effects of cytokinins include a delay in 
r 
1 
chlorophyll loss (Choe and Thimann, 1970; Thimann, 1980), 
inhibition of hydrolyzation of RNA by decreasing the 
ribonuclease and other proteases (Shibaoka and 
Thiinann, 1970; Thimann, 1980), prevention of proteolysis 
(Choe and Thimann, 1975; Shibaoka and Thimann, 197 0; 
Thimann, 1980) , increase of transpiration and mineral uptake 
(Garrison et al., 1984), delay of the increase in stomatal 
» 
diffusive resistance (Garrison et al., 1984), decrease in 
carbohydrate degradation (Tetley and Thimann, 1974), and 
lower ATP levels and respiration rates (MacLean and Dedolph, 
1962; Malik and Thimann, 1980; Tetley and Thimann, 1974; 
Thimann, 1980) . 
The most obvious effect of cytokinins, the maintenance 
of chlorophyll levels in leaves, may be related to their 
ability to inhibit the synthesis of proteases (Klerk et al., 
1993; Martin and Thimann, 1972; Rodriguez et al., 1987). 
Treatment of senescing barley leaves with kinetin delayed 
the degradation of chlorophyll and decreased the activity of 
chlorophyllase (Rodriguez et al., 1987). Decreases in the 
amounts and activities of two proteases that are related to 
senescence of oat leaves were detected on leaves treated 
with kinetin (Martin and Thimann, 1972). 
cytokinins also affect carbohydrate levels. The 
application of cytokinins delays the breakdown of 
disaccharides, the buildup of monosaccharides, and the 
consumption of both (Tetley and Thimann, 1974). 
8 
b.Gibberellic Acid 
Another growth hormone which delays senescence in plant 
tissue is gibberellic acid (GAj) (Thimann, 1980). GAj does 
not delay senescence in all plants and is not effective with 
most plants which respond to cytokinins (Beevers, 1968; 
Thimann, 1980) . GA^ is most effective when applied to plant 
material prior to senescence (Beevers, 1968). Application 
of GAj delays the loss of chlorophyll (Beevers, 1966; 
Thimann, 1985; van Doom et al., 1992), delays the onset and 
decreases the peak of ethylene and respiration climacterics 
in Dianthus caryophyllus (carnations) (Saks and van Staden, 
1992), inhibits proteolysis (Thimann, 1985), delays the 
decline in photosynthetic rates of alstroemeria leaves 
(Jordi et al., 1994), and maintains levels of carbohydrates 
(Beevers, 1966; Beevers, 1968). 
As with cytokinins, endogenous levels of GA3 decline as 
senescence occurs (van Doom et al., 1992). The content of 
GA3 in tissues, though, is not always correlated with 
senescence (Halevy, 1986) . 
GA3 delays the loss of chlorophyll associated with 
senescence of leaves in both dark and light environments 
(Jordi et al., 1993; Thimann, 1985; van Doom and van 
Lieburg, 1993) . Another main effect of GA3 application is 
the maintenance of leaf carbohydrates in nasturtium 
(Beevers, 1966; Beevers, 1968). Leaf discs of nasturtium 
lose 57% of chlorophyll content and 40% of ethanol-soluble 
9 
carbohydrates after seven days (Beevers, 1966). Floating 
the leaf discs in gibberellic acid resulted in the loss of 
only 7-$ of the chlorophyll and no change in the carbohydrate 
content. Results of these studies suggest that treatment 
with gibberellic acid delays leaf senescence by maintaining 
leaf carbohydrates. However, reports from other studies do 
not support this theory. In senescing alstroemeria leaves, 
the decrease in carbohydrate levels occurs after the initial 
loss of chlorophyll (Jordi, 1993). Under dark conditions, 
alstroemeria leaves lose approximately 70% of their 
chlorophyll in seven days, whereas chlorophyll loss in 
leaves of GA3-treated stems does not begin until ten days 
after the treatments. Analysis of the carbohydrate content 
reveals that the control and GAj-treated leaves do not 
differ in carbohydrate content seven days after the 
treatment, despite their differences in chlorophyll content. 
The author, thus, suggests that GA3 does not delay the loss 
of chlorophyll by preserving the carbohydrate content of the 
leaf. 
A possible mechanism for the delay of leaf senescence 
by GA3 is its regulation of phytochromes (van Doom and van 
Lieburg, 1993) . Chlorophyll loss in alstroemeria was 
delayed when leaves were treated with GA3 or red light. 
When ancymidol, an inhibitor of GA, biosynthesis, was 
applied to the plant material, exposure to red light no 
longer delayed chlorophyll loss. However, by adding GA, to 
r 
10 
the system, the effects of red light on chlorophyll loss 
were restored. This result led the authors to suggest that 
GA3 mediates the action of phytochromes in delaying 
chlorophyll loss. However, the nature of the interaction is 
unknown. 
c.Combined Effect of Cytokinins and Gibberellins 
Treatment with both GAj and BA delayed chlorophyll and 
protein losses in leaves of cut alstroemeria flowers 
(Hicklenton, 1991). Other studies demonstrated that leaf 
yellowing was delayed further when GAj and BA were combined 
than when individually applied, suggesting a positive 
synergistic effect (Nooden, 1986; Singh et al., 1992). 
3.Objectives 
The overall objective of this study was to determine 
physiological responses of Easter lily leaves to GA3 and BA. 
Studies include measurement of the changes in leaf color, 
respiration rate, carbohydrates, and the production of 
ethylene. In addition, inhibitors of ethylene action 
(silver thiosulphate, STS) and ethylene synthesis 
(aminoethoxyvinylglycine, AVG) were used to determine if 
leaf senescence of Easter lily leaves is associated with 
ethylene. Furthermore, chloramphenicol and streptomycin, 
inhibitors of protein synthesis in the chloroplast, were 
used to assess the effects of protein synthesis on 
senescence. 
11 
CHAPTER II 
EFFECTS OF GROWTH REGULATORS ON FOLIAR CHLOROSIS AND 
RESPIRATION 
A.Introduction 
Loss of chlorophyll is the first visual sign of 
senescence (Beevers, 1968). Measurement of protein levels 
during* this time show a decline in synthesis of four 
photosynthetic proteins'; 2 6kD light harvesting chi binding 
protein (LHCP), D-1 protein of photosystem II (PSII), and 
small and large subunits of Rubisco (SSU and LSU) (Bate et 
al., 1991). Decline in total RNA accompanies the decrease 
in photosynthetic rates (Bate et al., 1991; Jiang et al, 
1993; Lohman et al., 1994). 
There are few plant species that when treated with 
exogenous cytokinins and gibberellins result in delayed leaf 
senescence (Beevers, 1968; Nooden, 1986; Thimann, 1985; van 
Doom et al., 1992). The plant species in which GA3 delays 
senescence include nasturtium (Beevers, 1966), those that 
delay senescence when treated with BA include Rosa x hybrids 
(potted rose) (Clark et al. , 1991), oat (Klerk et al., 
1993), and Brassica oleracea L. (broccoli) (Rushing, 1990). 
Easter lilies, on the other hand, respond to both BA and GA3 
by delaying foliar chlorosis and lowering respiration rates 
(Han, 1994). 
Low levels of carbohydrates have been related to leaf 
senescence of Easter lilies (Jiao et als, 1986). Treatments 
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of paclobutrazol and ancymidol to control plant height 
reduce the concentration of total soluble sugars in leaves 
and increase the rate of senescence of the lower leaves. 
Low carbohydrate levels have also been associated with the 
yellowing of leaves on plants grown under negative DIF 
temperatures (Miller et al., 1993). 
In a previous study of excised Easter lily leaves, 
application of the growth regulators, BA and GA3 delayed 
foliar chlorosis and resulted in lowered respiration rates 
three days after treatment (Han, 1994). Leaves treated 
before cold storage resulted in delayed foliar chlorosis. 
The objectives of this work were to determine 1.) the 
changes of foliar chlorosis and respiration rates of the 
control as well as the treated leaves, 2.) the effects of 
growth regulators on foliar chlorosis and the respiration 
rate of cold-stored leaves, and 3.) the effects of these 
growth regulators when applied on yellowing leaves. 
B.Materials and Methods 
1.General Procedures 
Precooled Easter lily bulbs, 'Nellie White', were 
planted in 1.4-liter (15-cm-diameter) pots containing a peat 
based mix (Pro-Mix BX, Premier Brands Inc., Stamford, 
Conn.) . The lilies were grown in a glasshouse at the 
University of Massachusetts, Amherst, (lat.42®22.5'N) at 21 
+ + i®c(day/night) under natural daylength. The plants 
were fertilized with 20 N - 10 P2O5 - 20,K20 at 200 mg 
13 
N/liter with each watering. Variation associated with 
location of leaves on the stem was minimized by removing the 
leaves from the center section of the plant once the plants 
reached the puffy bud stage. Leaves were dipped in 
solutions containing either BA at 500 mg/1, GAj at 500 
mg/1, BA+GAj at 500 mg/1 each, or de-ionized water for the 
control. BA and GAj were purchased from Sigma Chemical 
Company. There were 5 leaves per treatment. All treatments 
contained 0.1% surfactant Tween 20, [polyoxyethylene (20) 
sorbiton monolaurate]. The leaves were allowed to dry in a 
darkened room and then placed in individual vials containing 
5 ml of water. Water levels were refilled every other day 
and the vials were replaced every week to deter decay. 
Unless otherwise stated, leaves were maintained in a 20°C, 
dark growth chamber (Model 818, Precision Scientific, 
Chicago, Ill.) for the extent of each experiment. 
2 .Experiment 1-Senescence of untreated leaves 
Changes in leaf color were monitored every other day 
until 50% of the leaf area was yellow, by measuring L*,a*,b* 
values with a colorimeter (Gardner XL~23 Tristimulus 
colorimeter, Bethesda, MD). Following each measurement, the 
three replicate leaves were discarded. This method was 
chosen because a preliminary study, using the same set of 
leaves for the duration of the experiment, demonstrated that 
exposing leaves to the brief flash of light from the 
colorimeter markedly delayed foliar chlorosis. The hue 
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value “(a/b) of each leaf was calculated and expressed as 
the mean + standard error. 
Leaf longevity was determined as the period over which 
yellowing of 50% of the leaf area occurred. 
The respiration rates of ten replicate leaves were 
measured by placing each leaf into a 470 ml foil-covered jar 
in a •20°C growth chamber for two hours. Two 1 ml gas 
samples were removed from each jar and injected into a gas 
chromatograph equipped with a methanizer and flame 
ionization detector (Shimadzu GC-9A, Kyoto, Japan). Data 
were expressed as mg C02/kg fresh wt per hour (mean ± 
standard error). 
Ethylene production was monitored from the commencement 
of the experiment until necrosis. Ten leaves were placed 
individually in 470 ml foil covered jars in a 20°C dark 
growth chamber for four hours. Two 1 ml gas samples were 
then removed from each jar and injected into a gas 
chromatograph fitted with a flame ionization detector 
(Shimadzu GC-9A, Kyoto, Japan). Data were expressed as nl 
C2H^/g fresh wt per hour. 
Possible ethylene involvement in senescence was further 
determined by pulsing leaves with silver thiosulphate (STS), 
an inhibitor of ethylene action or aminoethoxyvinylglycine 
(AVG), an inhibitor of ethylene synthesis. The treatments 
included 0.5 mM, 1 mM, or 2 mM of STS, or 100 mg/l AVG for 
4 8 or 16 hours and a water control. There were five 
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replicate leaves per treatment. The development of foliar 
chlorosis was monitored every other day until the leaf area 
was > 50% yellow. 
3 . ExpGr 111101111 2—Growth regulators 
Excised leaves were treated as previously described 
with de-ionized water, 500 mg/1 of BA, 500 mg/1 of GAj, or 
* 
500 mg/1 each of BA+GAj to determine their effects on Easter 
lily leaf senescence. ^ Leaf color, leaf longevity, and 
respiration rate were determined using the methods 
previously described in experiment 1. 
4. Experiment 3-Cold Storage 
The effects of cold storage on the development of leaf 
yellowing were determined by placing leaves in a 2 ± 0.7®C 
cold room for four weeks. Before the cold storage, two sets 
of leaves were treated with 500 mg/1 of BA or GA3, and the 
control set with water. Following the cold storage, two 
more sets were treated with either 500 mg/1 of BA or GAj. 
The leaf longevity and respiration rates were determined 
using the methods described in experiment 1. 
5. Experiment 4-Delaved treatments 
As previously described, leaves were treated with 500 
mg/1 of BA or GA3 on the seventh or tenth day after removal 
from the plant and were then placed back in a 20°C dark 
growth chamber. On the seventh day, the respiration rate 
was low and leaf chlorosis was first apparent. By the tenth 
day, the respiration rate had begun to increase and foliar 
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chlorosis had increased to approximately 5% of the leaf 
area. The control leaves were treated with de-ionized water 
upon removal from the plant. Leaf longevity and respiration 
rate were determined using the methods described in 
experiment 1. 
6.Statistical Analysis 
All experiments were conducted in a completely 
» 
randomized design. Analysis of variance was used to 
determine the differences between treatment, and the 
interaction between treatment and time were analyzed with a 
statistical analysis software package (SAS Institute Inc., 
1990). Significant differences between treatments were 
further analyzed with either Dunnett's t Test, Duncan's 
Multiple Range Test, or paired comparisons. 
C.Results and Discussion 
1.Experiment 1-Senescence of untreated leaves 
An inverse relationship between the increase of 
yellowing and the decrease in the hue value -(a/b) was 
established during senescence of the Easter lily leaves 
(Fig. 2.1). The calculated hue value of the dark green 
leaves was 0.9. As the leaves became increasingly yellow, 
the hue value continued to decrease until at day 19 the 
leaves were 50% yellow and the corresponding hue value was 
approximately 0.45. A correlative relationship between hue 
value and pigment content was reported in Beta vulgaris 
(Swiss chard) leaves (Ihl et al., 1994)'. 
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The respiration rate of a typical, untreated, excised 
leaf was 140 mg C02/kg FW per hr twenty-four hours after the 
leaves were removed from the plant (Fig. 2.2). The 
respiration rate then decreased shortly thereafter. After 
ten days, the respiration rate increased into a typical 
climacteric rise. The leaf area was 50% yellow at the peak 
of the climacteric, 20 days after removal from the plant. 
The respiration rate then decreased as the leaf became 
necrotic. A similar climacteric pattern of respiration was 
associated with dark senescence of oat leaves (Tetley and 
Thimann, 1974). 
A climacteric rise in respiration is often associated 
with ethylene production (Saks and van Staden, 1992). 
Ethylene was not detected at any time from the day following 
excision until the end of the experiment at 2 3 days (Fig. 
2.2). The possibility that ethylene was produced, but in 
undetectable levels, was further tested by treating leaves 
with STS or AVG. Leaves treated with different 
concentrations of STS for varying lengths of time did not 
increase longevity when compared to the control leaves 
(Table 2.1). Longevity of leaves pulsed with 100 mg/1 AVG 
for varying lengths of time was also comparable to the 
control leaves. However, increasing time of exposure to 2 
mM STS from 4 to 8 hours appeared to have a phytotoxic 
effect, resulting in decreased leaf longevity. Data from 
ethylene production and inhibitors studies suggested that 
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ethylene was not associated with the yellowing of excised 
Easter lily leaves and concurred with the results from a 
whole plant study reported by Prince et al. (1987). 
2.Experiment 2-Growth regulators 
Changes in the hue values, longevity, and respiration 
rates were studied on leaves treated with growth regulators. 
The hue values of the leaves were highest at day 0 when the 
leaves were removed from the plants (Fig. 2.3, top). By day 
10, the hue value of the yellowing control leaves was 
significantly lower than the treated leaves which remained 
green (Fig. 2.3, middle). At day 19, when approximately 50% 
of the area of control leaves was yellow, the hue value was 
again significantly lower than that of the treated leaves 
(Fig. 2.3, bottom). Leaves treated with GA3 were beginning 
to develop chlorosis and demonstrated a lower hue value than 
those treated with BA or BA+GA3. Tristimulus measurements 
of alstroemeria leaves treated with BA and/or GA3 have also 
shown that these treatments reduce rate of chlorophyll loss 
(Hicklenton, 1991). 
Longevity of leaves treated with BA, GA3, or BA+GA3 was 
significantly longer than those of the control leaves (Fig. 
2.4) . The control leaves were 50% yellow by day 16, whereas 
the longevity of those treated with BA or GA3 was increased 
by more than 25 days. Leaf yellowing was further delayed in 
leaves treated with BA+GA3, with a mean longevity of 4 6 
days. 
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Excision of the leaves was followed by a high 
respiration rate which began to decrease two days later 
(Fig. 2.5). The respiration rate of the control and treated 
leaves continued to decrease. According to the data 
presented in Figure 2.5, respiration rates of the control 
leaves leveled at day 5, while those of the treated leaves 
continued to decrease until day 12 before leveling off. In 
addition, the climacteric rise of the control leaves began 
at day 7 and reached its peak when the leaves were 50% 
yellow at day 16 (Fig. 2.5). The respiration rates of the 
treated leaves remained low for more than 30 days and 
exhibited a climacteric rise at about 37 days. The 
climacteric rise of the BA+GAj treated leaves was further 
delayed until about day 49. 
3.Experiment 3-Cold Storage 
Cold storage of Easter lilies often results in rapid 
development of foliar chlorosis (Han, 1994; Prince et al., 
1987) . In this study, longevity of the control leaves was 
16 days in addition to the four weeks of cold storage (Fig. 
2.6) . Treatment of leaves with BA or GA^ before or after 
cold storage significantly extended the longevity of the 
leaves to approximately 30 and 27 days, respectively. 
Longevity of leaves was not significantly different whether 
treated before or after cold storage. 
While the leaves were in the cold room, the respiration 
rates of the treated and the non-treated leaves remained at 
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comparable levels (Fig. 2.7) , Once removed from the cold 
room, respiration rates of the control leaves increased 
rapidly into a climacteric rise. Upon removal from cold 
storage, leaves treated with growth regulators, regardless 
of treatment time, had significantly lower respiration rates 
than the controls and exhibited a delayed climacteric rise. 
Among the treatments, respiration rates of leaves were not 
significantly different. Similarly, chlorosis of broccoli 
stored at 16®C for 6 days is delayed and the respiration 
rates are significantly reduced when treated with BA 
(Rushing, 1990). 
Results of this study suggest that BA or GAj, applied 
before or after cold storage, are equally effective in 
delaying foliar chlorosis. These results conflict with 
those reported by Han (1994) where treatment after cold 
storage was less effective than before cold storage. This 
discrepancy is most likely due to the fact that, in this 
study, leaf longevity was not affected by the four weeks of 
cold storage. In the study by Han (1994) , the control 
leaves were 50% yellow 6 days after removal from cold 
storage, as compared to 14 days in this study. The 
difference between the results of the two experiments may be 
a result of the different handling procedures. In the 
present experiment, while determining leaf yellowing and 
measuring the respiration rates, the leaves were exposed to 
a brief period of light once a week during cold storage. It 
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is possible that there was enough light to delay foliar 
chlorosis since in one of the colorimetry experiments the 
brief flashes of light (10 seconds) from the colorimeter 
extended leaf longevity. In alstroemeria, leaf senescence 
is controlled by phytochrome and is delayed by red light and 
exogenous application of gibberellin (van Doom and van 
Lieburg, 1993). Although the interaction between 
phytochrome and gibberellin -is not clear, the authors 
suggested that phytochrome controls leaf senescence by 
affecting endogenous gibberellin synthesis or by altering 
the sensitivity of the leaves to the gibberellin levels. It 
is possible that the brief exposure of light in this study 
delayed foliar chlorosis via its effects on phytochrome. 
4.Experiment 4-Delayed treatments 
In a subsequent experiment, leaves were treated after 
visual detection of leaf yellowing to determine if BA or GA3 
could prevent further development of yellowing. Treatment 
of leaves on the seventh day (when yellowing was first 
apparent on some of the leaves and the respiration rate was 
still low) and on the tenth day (when leaf yellowing was 
more advanced and the respiratory climacteric rise had 
commenced) significantly delayed leaf yellowing and lowered 
the respiration rate (Fig. 2.8 and 9). Leaf longevity 
increased from 16 days for the control to about 35 days with 
treatment (Fig. 2.8). 
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Respiration rates of all leaves, treated and untreated, 
began high after removal from the plant (Fig. 2.9). The 
respiration rates then dropped over the first week but began 
to rise by the seventh day. The respiration rates of the 
control leaves continued to increase into a climacteric 
pattern. However, after leaves were treated with BA or GA3 
on the. seventh or tenth day, the respiration rate was 
maintained and the climacteric rise was delayed 
significantly. Respiratory rates of leaves treated on the 
seventh or tenth day were not different from each other. 
Delaying treatment of Easter lily leaves until visual 
detection of leaf yellowing did not lessen the effectiveness 
of the growth regulators. Similar responses are reported in 
Xanthium pennsylvanicum L. (cocklebur) leaves where 
treatment with cytokinin also delayed further yellowing 
(Leshem, 1986) . Furthermore, cocklebur leaves appeared to 
have a regreening effect following the cytokinin 
application. This effect was attributed to the 
reorganization of the disassembled grana with cytokinin 
treatment observed in transmission electron micrographs. 
Results of the present study indicate that both GA3 and 
BA delay foliar chlorosis of excised Easter lily leaves that 
have or have not been cold stored. Furthermore, these 
growth regulators are effective when applied after visual 
detection of yellowing. Physiologically, GAj and BA lower 
the respiration rate and delay the climacteric rise of 
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respiration. Although the results are similar in leaves 
treated with GA3 or BA, the actions of the two growth 
regulators on respiration may not be the same. 
Declining endogenous levels of cytokinins and 
9i^^®^®iiiris have been associated with foliar senescence 
(Nooden et al., 1990; Smart et al., 1991; van Doom and van 
Lieburg, 1993) . Exogenous application of these growth 
regulators has been shown to delay senescence in 
Chrysanthemum morifolium R. (chrysanthemum) , carnation, and 
nasturtium leaves (Maclean and Dedolph, 1962; Saks and van 
Staden, 1992; Thimann, 1985). The yellowing pattern of BA- 
treated leaves in Easter lilies is different from that of 
GAj-treated leaves. Yellowing of BA-treated leaves 
initiates at the margins. Whereas, the pattern of yellowing 
in GAj-treated leaves is comparable to that of the controls 
in which yellowing occurs uniformly across the leaf. In 
addition, the combination of GA3 and BA is more effective 
than either individually in delaying foliar chlorosis, which 
would suggest an additive effect from the two regulators. 
Similar results were demonstrated by Nooden (1986), who 
found that a positive synergistic effect resulted from the 
combined treatment of zeatin and GA3 on soybean. 
Treatment with kinetin decreases the activity of 
chlorophyllase, one of the several catabolic enzymes 
involved in chloroplast degradation (Hortensteiner et al., 
1995; Rodriguez, 1987). Kinetin also has been reported to 
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inhibit proteolysis, suppress protease formation, inhibit 
the increase of ribonuclease, delay chloroplast breakdown, 
and lower respiration rates and ATP production (Malik and 
Thimann, 1980; Martin and Thimann, 1972; Shiboaka and 
Thimann, 1970; Thimann, 1985). 
In a manner similar to that of the growth regulators, 
treatment with cycloheximide, an inhibitor of cytoplasmic 
protein synthesis, delayed chlorosis in rice leaves (Okada 
et al., 1992). Both cycloheximide and kinetin prevented the 
synthesis of two proteases in oat leaves which typically 
increase in activity during senescence (Martin and Thimann, 
1972) . Treatment with solutions of 1 or 5 mM 
chloramphenicol or streptomycin, inhibitors of chloroplast 
protein synthesis, did not delay chlorophyll loss either in 
Easter lily leaves (data not shown) or in rice leaves (Okada 
et al., 1992). Thus, it is possible that cytokinins delay 
foliar chlorosis via their effect on the protein synthesis 
in the cytoplasm. 
The actions of GA^ are less clear. GAj has been 
reported to delay foliar chlorosis in several other plant 
species, though not as many as cytokinins (Hicklenton, 1991; 
Nooden, 1986; Thimann, 1980). In carnations under light 
conditions, GA3 lowered the respiration rate and delayed the 
climacteric rise (Saks and van Staden, 1992). In mature but 
nonsenescent soybean leaf tissue maintained in the light, 
GA increased the activity of sucrose phosphate synthase 
25 
(Cheikh and Brenner, 1992) and increased phloem loading of 
sucrose (Aloni et al., 1986). Treatment with GA3 in the 
light delayed the decrease in the photosynthetic rate of 
alstroemeria leaves (Jordi et al., 1994). It may be 
possible that the mechanism by which GA3 delays leaf 
senescence involves the preservation of carbohydrates as 
well as maintaining photosynthetic rates. 
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Table 2.1 Longevities of excised Easter lily- 
leaves treated with silver thiosulphate (STS) or 
aininoethoxyvinyIglycine (AVG) were determined as 
the time until the leaf area was 50% yellow 
Leaves were pulsed with the treatments and then 
kept in de-ionized water in a 20dark growth 
chamber. Means ± standard errors of five 
replicate leaves are reported. Significance of 
differences in longevity of the control and 
treatments with Dunnett's t Test, * P=0.05. 
Treatments Length of 
Treatment 
Concn. Longevity 
(days) 
Control 16.0 + 0 
STS 4 hr 0.5 mM 15.0 + 0.9 
1.0 mM 15.0 ± 0.9 
2.0 mM 15.0 ± 0.9 
8hr 0.5 mM 15.0 ± 0.9 
1.0 mM 14.0 ± 1.1 
2.0 mM 12.0 ± 0.9 
16hr 0.5 mM 15.0 ± 0.9 
1.0 mM 13.0 ± 1.1 
2.0 mM 11.0 ± 0* 
AVG 4 hr 100 mg/ml 16.0 ± 0 
8 hr 15.0 ± 0.9 
16hr 15.0 ± 0.9 
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Figure 2.3 Hue values of excised Easter lily 
leaves treated with de-ionized water, 500 mg/l BA, 
500 mg/l GA3, or 500 mg/l each of BA and GA3 were 
measured at three time intervals, day 0 (top) , day 
10 (center) , and day 19 (bottom) to determine the 
effects of the treatments on foliar chlorosis. 
Excised leaves were kept in de-ionized water in a 
20°C, dark growth chamber. Means ± standard 
errors of three replicate leaves are reported. 
Letters indicate significance among treatments 
determined with Duncan's Multiple Range Test, 
P=0.05. 
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Figure 2.5 Changes in respiration rates of 
excised Easter lily leaves treated with de-ionized 
water (#) , 500 mg/l GAj (o) , 500 mg/l BA (^) , or 
500 mg/l each of BA and GAj (□) . Leaves were kept 
in de-ionized water in a 20®C, dark growth 
chamber. Data were collected until leaf area 
became 50% yellow. Means ± standard errors of 
five replicate leaves are reported. 
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Figure 2.7 Changes in respiration rates of 
excised Easter lily leaves during and after four 
weeks of storage in a 2 ± 0.7°C cold room and 
treatment with de-ionized water (o) , BA (■) or GAj 
(^) before cold storage, or BA (□) or GAj (A) 
after cold storage. Leaves were kept in de¬ 
ionized water in a 20®C, dark growth chamber. 
Data were taken until the leaf area became 50% 
yellow. Means ± standard errors of five replicate 
leaves are reported. Dotted line indicates 
removal from cold storage. 
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Figure 2.9 Changes in respiration rates of 
excised Easter lily leaves treated at delayed 
intervals, after removal from the plants, with de¬ 
ionized water (0), BA (o) or GA3 (•) on the 
seventh day or BA (A) or GA3 (^) on the tenth day. 
Leaves were kept in de-ionized water in a 20°C, 
dark growth chamber. Means ± standard errors of 
five replicate leaves are reported. 
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CHAPTER III 
EFFECTS OF GROWTH REGULATORS ON CARBOHYDRATE 
CONTENT 
A.Introduction 
The growth regulators BA and GA3 delay foliar 
chlorosis, lower leaf respiration rates, and delay the 
respiratory climacteric rise in Easter lily leaves (chapter 
2) . The decrease in respiration rates by treatment with BA 
and GA3 suggests that decreased metabolism of leaf 
carbohydrates may be the mechanism by which these growth 
regulators delay leaf senescence. 
Easter lilies that have been cold stored often develop 
premature chlorosis of the lower leaves (Prince et al., 
1987) . Foliar chlorosis increases as the period of storage 
increases from 0 to 4 weeks in a 2°C cold room. In two 
separate studies, the development of premature foliar 
chlorosis in Easter lilies occurred after treatment with the 
growth retardants, paclobutrazol and ancymidol or after 
being grown under negative DIF conditions (Jiao et al., 
1986; Miller et al., 1993). The foliar chlorosis resulting 
from these treatments was related to lower carbohydrate 
levels in the leaves. Analysis of chloroplasts from 
senesced leaves in rice seedlings showed that the grana and 
stroma thylakoids had lost orientation and the number of 
starch granules had decreased (Hashimoto et al., 1989). 
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The decrease in the photosynthetic rate often parallels 
chlorophyll loss in the early stage of senescence (Crafts- 
Brandner, 1991). The decline of photosynthesis may be 
caused by the decrease in mRNA levels necessary for the 
production of the large and small subunits of Rubisco (Jiang 
et al., 1993) . 
The relationship between carbohydrate loss and 
chlorophyll loss is not clear. The addition of sucrose or 
glucose to wheat leaf tips while in the dark did not alter 
the loss of chlorophyll (Haber et al., 1969). In addition, 
chlorophyll content of leaves on alstroemeria stems was not 
altered when the stems were placed in various concentrations 
of sucrose (Jordi et al., 1993). Other studies, however, 
showed a discrepancy. Oat leaf segments floated on glucose 
exhibited delayed chlorosis after three days of treatment 
(Tetley and Thimann, 1974). 
Treatment of excised Easter lily leaves with BA, GA^ 
or BA+GAj and similar treatment of leaves with BA or GAj 
before or after four weeks of cold storage resulted in 
delayed foliar chlorosis, lowered respiration rates, and a 
delayed climacteric rise (Chapter 2). Similar results were 
obtained by treating leaves with BA or GAj, on the seventh 
and tenth day after removal from the plant, during the 
initiation of yellowing and increased respiration rates. 
The delay in chlorophyll loss and the changes in respiration 
rates of BA- and GAj-treated leaves suggests that the 
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mechanisms of these growth regulators may include the 
preservation of leaf carbohydrate levels. 
Leaf senescence progresses at different rates according 
to the amount of light to which the leaves are exposed. 
Dark conditions increase the rate of senescence (Thimann, 
1987) . Treatment with growth regulators to delay leaf 
senescence revealed that gibberellic acid delays the 
consumption of soluble sugars in nasturtium leaves kept in 
the light (Beevers, 1968) and kinetin delays the metabolism 
of both monosaccharides and disaccharides in oat leaves kept 
in the dark (Tetley and Thimann, 1974) . GAj also delays the 
decline of photosynthesis in leaves of alstroemeria stems 
kept in the light (Jordi et al., 1994). However, 
carbohydrate preservation may not be the mechanism by which 
GA3 delays leaf senescence in alstroemeria, since 
carbohydrate loss begins after chlorophyll loss (Jordi et 
al., 1993) . 
The objectives of the following experiments were to 
determine 1.) changes in carbohydrate levels (starch, 
sucrose, fructose, and glucose) during leaf senescence, and 
2.) changes in leaf carbohydrates resulting from treatment 
with BA and GA3. 
R.Material and Methods 
1.General Procedures 
Easter lily bulbs, 'Nellie White', were cooled and then 
planted in 1.4-liter (15-cm-diameter) pots containing a peat 
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based mix (Pro-Mix BX, Premier Brands Inc., Stamford, 
Conn.). The lilies were grown in glasshouses at the 
University of Massachusetts, Amherst, (lat.42°22.5'N) at 21 
± 1/19 ± 1°C(day/night) in natural daylength. With each 
watering, the plants were fertilized with 20 N - 10 P2O5 - 
20 K2O at 2 00 mg N/liter. When the plants reached the puffy 
bud stage, the center leaves were removed from each plant to 
decrease variation associated with stem location. These 
leaves were dipped in solutions of BA at 500 mg/1, GA3 at 
500 mg/1, BA+GA3 at 500 mg/1 each, or de-ionized water for 
the control. BA and GA3 were purchased from Sigma Chemical 
Company. All treatments contained 0.1% surfactant Tween 20, 
[polyoxyethylene (20) sorbiton monolaurate] . The leaves 
^02^0 allowed to dry in a darkened room and then placed in 
individual vials containing 5 ml of water. Vials were 
refilled with water every other day and replaced every week 
to deter decay. Unless otherwise stated, leaves were 
maintained in a 20°C dark growth chamber (Model 818, 
Precision Scientific, Chicago, Ill.) for the extent of each 
experiment. 
2.Experiment 1-Growth regulators 
Excised leaves were treated with de-ionized water, 500 
mg/1 of GA3, 500 mg/1 of BA, or 500 mg/1 each of BA+GA3 to 
determine changes in leaf carbohydrates. Following 
tr.at..»l l.av.s ..int.in.d In • ^O'C o.tk gtorth 
T»n.. r.pUo.t. P.r trnaf.nt w.r. ...pl.d 
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every three days until 50% of the leaf area was yellow. The 
er of sampling times for each treatment varied according 
to the leaf longevity reported in Figure 2.4. A total of 
102 leaves were treated for this experiment. 
Leaves were sampled by removing them from the growth 
chamber and storing them in a -20°C freezer at the beginning 
of the experiment (day O) and then every three days until 
50-5 of the leaf area was yellow. Leaves were freeze-dried 
and then pulverized. Soluble sugars from O.OSg dry weight 
of leaf samples were extracted overnight in 80% ethanol, 
followed by three more overnight extractions (Dimler et al., 
1952) . Following each extraction the samples were 
centrifuged and the soluble fraction was removed. Ethanol 
was evaporated and the remaining residue was dissolved in 
de-ionized water to determine sucrose, glucose, and fructose 
content. Starch content was determined using the pellet. 
Starch content was measured using a method described by 
Miller and Langhans (1989). The method was modified by 
increasing the time of amyloglucosidase incubation (50 units 
per sample) from 48 to 72 hours. The resulting glucose 
content was measured using the glucose oxidase method 
described in the Sigma Tech. Bull. 510. Modifications of 
this method included increasing the reaction time from 30 
min. to 40 min., and decreasing the amount of both glucose 
oxidase and peroxidase from the original 25 units per sample 
to 5 units per sample. 
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Sucrose content in the sample was determined by adding 
invertase (lo units per sample) to each sample (Goldstein 
and Lampden, 1975). The glucose released was then measured 
with the modified glucose oxidase method (Sigma Tech. Bull. 
510) previously described in the protocol for starch. 
Glucose and fructose content were measured using the 
hexokinase method described by Sturgeon (1980). Briefly, 
glucose and fructose in the sample were converted to 
glucose-6-phosphate (G6P) or fructose-6-phosphate (F6P) 
using Mg+, ATP, and hexokinase. Glucose-6-phosphate 
dehydrogenase (G6PDH) was then added with NADP. The G6PDH 
reduced the NADP to NADPH. The absorbance of NADPH was then 
read at 340nm, and the resulting measurement corresponded to 
the glucose content of the sample. Phosphoglucose isomerase 
(PGI) was added to convert F6P to G6P which was then 
converted to 6-phosphogluconate by G6PDH in a coupled system 
with the reduction of NADP. The increase in absorption was 
used to determine fructose content of the sample. 
^ . Fvpp.riment 2-Cold Storage 
The effects of cold storage on leaf carbohydrates were 
determined by treating leaves with de-ionized water, 500 
mg/1 of BA or GA, before cold storage or 500 mg/1 of BA or 
GAj after cold storage. Following treatments, leaves were 
maintained in a 2 ± 0.T>C cold room for four weeks, after 
this time the leaves were moved to a 20»C, dark growth 
chamber. Three replicate leaves per treatment were sampled 
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every three days until 50% of the leaf area was yellow. The 
number of samplings for each treatment varied according to 
the longevity reported in Figure 2.6. Within treatments, 
control leaves were sampled 10 times, leaves treated with BA 
before or after cold storage were each sampled 14 times, and 
leaves treated with GA3 before or after cold storage were 
each sampled 13 times. A total of 192 leaves were treated 
in this experiment. The leaf carbohydrate levels were 
determined using the methods described in experiment 1. 
4.Experiment 3-Delaved treatments 
The carbohydrate levels of leaves treated at delayed 
intervals after removal from the plant were determined. 
Leaves were kept in a 20dark growth chamber following 
excision. There were five treatments in this experiment, 
i.e., leaves treated with de-ionized water upon removal from 
the plants (control) , leaves treated with 500 mg/1 of BA or 
GA3 on the seventh day, and leaves treated with BA or GA3 on 
the tenth day. Three replicate leaves per treatment were 
sampled every three days until 50% of the leaf area was 
y0T3.ow. The number of sampling times for each treatment 
varied according to the longevity reported in Figure 2.8. A 
total of 141 leaves were used in this experiment. Leaf 
carbohydrate levels were determined using the methods 
described in experiment 1. 
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5.Statistical Analvsia 
The experiment was conducted using a completely 
randomized design. Data are presented as the means of three 
replicates and analyzed with a two-way analysis of variance 
using the SAS statistical package (SAS Institute Inc., 
1990). The senescence of control leaves prior to the 
treated leaves required split analysis of data. Statistical 
analysis was done initially with data including that from 
the control leaves, followed by the data resulting only from 
the treated leaves. Significance among treatments was 
further tested using Duncan's Multiple Range Test or paired 
comparisons. 
C.Results and Discussion 
GA3 and BA lower respiration rates and delay the 
climacteric rise in Easter lily leaves (chapter 2) . A 
decrease in the respiration rate of the leaves may result in 
slower depletion of carbohydrates stored in the leaf, thus 
resulting in a delay of senescence. Application of growth 
retardants to Easter lilies results in foliar chlorosis and 
reduced levels of leaf soluble sugars (Jiao et al.,1986). 
Treatment of oat leaves with kinetin and nasturtium leaves 
with GA3 delayed chlorophyll loss and delayed the 
consumption of leaf carbohydrates (Beevers, 1966; Tetley and 
Thimann, 1974). 
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1 • Experiment: 1-Growth regulators 
Starch content decreased rapidly during the first six 
days after removal from the plant (Fig. 3.1). The starch 
levels of the control leaves were not significantly 
different from those treated with BA or BA+GA3 (Tables A.3 
and A.4). Leaves treated with GA3 maintained a 
significantly higher level of starch in comparison to the 
control leaves (Tables A.3). In addition, GA3-treated 
leaves maintained a significantly higher level of starch 
than the BA- or BA+GA3-treated leaves following the 
senescence of the control leaves (Table A.4). 
Sucrose levels in the control leaves dropped by 88% 
eighteen days after the coinmencement of the experiment (Fig. 
3.2, top) . Treatment with BA+GA3 did not affect the sucrose 
levels when compared to the control (Table A.3). Leaves 
treated with BA or GA3, however, maintained significantly 
higher levels of sucrose than the control leaves (Table 
A. 3). Levels of fructose in the control leaves were not 
different from leaves treated with BA or BA+GA3 (Fig. 3.2, 
middle; Table A.3). Leaves treated with GAj maintained 
significantly higher levels of fructose than the control and 
the other two treatments (Table A.3). Glucose levels did 
not differ among the treatments (Fig. 3.2, bottom; Tables 
A.l and A.2). After the control leaves had senesced the 
soluble sugar 
levels of the growth regulator- treated leaves 
were not significantly 
different (Table A.2). 
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2. Experiment 2-rnid Rtnr-f^g^ 
Respiration rates of the leaves were low (chapter 2) 
and starch levels dropped 90% during the four weeks in cold 
storage, regardless of treatment (Fig. 3.3). Treatment with 
BA before cold storage maintained a higher level of starch 
during cold storage (Tables B.l and B.4). However, during 
the two weeks after the cold storage, starch levels of all 
treatments were comparable to the control (Table B.4). 
In the control leaves, 25-30% of the soluble sugar 
content was consumed during the four weeks of cold storage 
(Fig. 3.4, all inset graphs). The sucrose content of the 
control and leaves treated with GA3 before cold storage was 
significantly lower than those treated with BA before cold 
storage or BA or GA3 after cold storage (Tables B.l, and 
B.3). Fructose content of the control leaves and leaves 
treated with GA3 before cold storage or BA after cold 
storage was significantly lower than leaves treated with BA 
before cold storage or GA3 after cold storage (Tables B.l 
and B.3). The glucose content of the control leaves was 
significantly lower than the other 4 treatments (Table B.4). 
Following senescence of the control leaves, sucrose 
levels among the growth regulator-treated leaves were not 
significantly different (Table B.5). The glucose and' 
fructose levels of leaves treated with BA after cold storage 
were significantly higher than those treated with BA before 
cold storage or GA after cold storage, which were comparable 
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(Table B.5). The exception occurred on day 46 where the 
soluble sugar levels in leaves treated with GAj before cold 
storage were significantly higher than those in the other 
three treatments. it is likely that this variation is due 
to the limited (3) samples used in the analysis. 
3.Experiment 3-Delayed treatment 
In chapter 2, respiration rates of leaves treated at 
delayed intervals began to increase before treatment on the 
seventh or tenth day. In the same time period, 80% of the 
starch had already been depleted (Fig. 3.5). Starch levels 
of the control leaves were comparable to all treated leaves 
(Tables C.l and C.3). This result is not surprising since 
the majority of the starch content was depleted in the first 
week of the experiment before the leaves were treated. 
After the control leaves senesced, the starch levels of all 
treated leaves were not significantly different (Table C.2). 
Paired comparisons indicated that on day 10 and day 20, 
the sucrose content of control leaves is comparable to the 
leaves treated with BA on the seventh or tenth day or GA3 on 
the seventh day (Fig. 3.6, top; Table C.4). Once the 
control leaves senesced, leaves treated with BA on the 
seventh day maintained higher levels of sucrose than those 
treated with BA on the tenth day and GAj on the seventh day 
(Table C.5). Treatment with GAj on the tenth day also 
maintained a higher level of sucrose than those treated with 
BA on the tenth day. Fructose levels were not significantly 
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different in any of the five treatments (Fig. 3.6, middle; 
Tables C.l and C.2). Leaves treated with BA, regardless of 
treatment time, had lower glucose levels than the control 
leaves and leaves treated with GA3 between day 10 and 15 
(Fig. 3.6, bottom; Table C.4). After the control leaves had 
senesced, glucose levels of leaves treated with GA3 on the 
tenth day were significantly higher than the other three 
treatments (Table C.6). 
Gibberellins and cytokinins preserve carbohydrate 
levels in nasturtium and oat leaves (Beevers, 1966; Tetley 
and Thimann, 1974) . In oat leaves, kinetin delays the 
breakdown of disaccharides into monosaccharides, which 
occurs during senescence (Tetley and Thimann, 1974) . The 
mechanism by which kinetin delays carbohydrate degradation 
is unknown. Though treatment with kinetin results in 
decreased respiration rates and delayed carbohydrate 
metabolism, the authors suggest that carbohydrates are not a 
major source of respiratory substrate. Instead they 
attribute the increase in respiration to the liberation of 
free amino acids during senescence. In Easter lilies, 
results from this study demonstrated that GA3 but not BA 
delayed the degradation of starch, sucrose, and fructose in 
experiment 1 (Tables A.3 and A.4). In a separate 
experiment, leaves treated with GA3 after cold storage 
maintained higher levels of sucrose, glucose, and fructose 
than the controls (Tables B.3 and B.4). Only levels of 
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fructose were, however, significantly higher than the 
controls when leaves were treated with GA3 before cold 
storage. Treatment with BA before cold storage maintained 
higher levels of starch and soluble sugars than the controls 
but treatment with BA after cold storage only maintained 
higher levels of sucrose and glucose levels (Tables B.3 and 
B. 4). Results from the delayed treatment experiment 
demonstrated that leaves treated with GA3 on the tenth day 
maintained higher levels of sucrose than the controls (Table 
C. 4). The levels of starch, glucose, and fructose were, 
however, comparable to the controls. The starch, sucrose 
and fructose levels in the leaves treated with GA3 on the 
seventh day or BA, regardless of treatment time, were not 
significantly different from those in the controls (Tables 
C.3, and C.4). 
The delay of carbohydrate degradation by GA3 may be a 
secondary effect. Treatment of alstroemeria stems with GA3 
led to the preservation of the levels of sucrose and 
reducing sugars when compared to the decreasing levels of 
the controls (Jordi et al., 1993). However, carbohydrate 
loss in the controls began seven days after the initiation 
of the experiment while chlorophyll loss was apparent after 
only five days. Since chlorophyll loss began before 
carbohydrate loss, the authors suggested that the mechanism 
by which GA3 delays foliar chlorosis was not related to its 
effect on the carbohydrate levels of the leaves. 
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Our study on the effects that GA3 and BA have on Easter 
lily leaves revealed that application of either of these two 
regulators delay senescence repeatedly. However, their 
effects on preserving the carbohydrate levels are not 
consistent. In addition, leaves treated with BA+GA3 had the 
longest leaf longevity, yet their carbohydrate levels were 
comparable to those in the controls. The effects of GA3 and 
BA on delaying senescence is, thus, not related to their 
ability to preserve carbohydrate levels. 
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Figure 3.2 Changes in levels of sucrose (top), 
fructose (center), and glucose (bottom) in excised 
Easter lily leaves treated with de-ionized water 
(O), 500 mg/1 BA (A). 500 mg/1 GAj (□) or 500 mg/1 
each of BA and GAj (</) . Leaves were kept in de¬ 
ionized water in a 20°C, dark growth chamber. The 
means of three replicate leaves are reported. 
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Figure 3.4 Changes in levels of sucrose (top), 
fructose (center), and glucose (bottom) in excised 
Easter lily leaves treated with de-ionized water 
(O) , 500 mg/1 BA (A) or 500 mg/1 GAj (□) before 
cold storage or BA (v) or GAj (0) after cold 
storage. Inset graphs display sugar levels of the 
leaves while in the 2 ± 0.7°C cold room for four 
weeks. Leaves were kept in de-ionized water in a 
20°C, dark growth chamber. The means of three 
replicate leaves are reported. 
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Figure 3.6 Changes in levels of sucrose (top), 
fructose (center), and glucose (bottom) in excised 
Easter lily leaves treated at delayed intervals 
with de-ionized water (o ), 500 mg/1 BA (A) or 500 
mg/1 GAj (□) on day 7 or BA (V) or GA3 (0) on day 
10 after removal from the plant. Leaves were kept 
in de-ionized water in a 20°C, dark growth 
chamber. The mean average soluble sugar content 
of three replicate leaves per treatment are 
reported. 
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CHAPTER IV 
CONCLUSIONS 
Results of this project demonstrate that leaf 
senescence of Easter lilies involves chlorophyll and 
carbohydrate loss, a climacteric respiratory pattern, and no 
measurable ethylene production. Treatment with BA or GA^ or 
their combination delayed chlorophyll loss, lowered 
respiration rates, and delayed climacteric respiratory rise. 
In addition, GA^, but not BA, delayed carbohydrate 
consumption. Application of GA^ or BA, before or after cold 
storage or after the initiation of chlorophyll loss, also 
delayed leaf yellowing, lowered respiration rates, and 
delayed the climacteric rise. However, the preservation of 
carbohydrate content by treatment with GA^ was not 
consistently observed in these two experiments. 
Results indicate that BA or GA3 did not consistently 
preserve leaf carbohydrates in the three experiments. Yet, 
3^pplication of these two growth regulators had an 
egual effect in increasing leaf longevity. Furthermore, 
treatment with BA+GA3 did not preserve carbohydrates, but 
this treatment delayed foliar chlorosis significantly longer 
than BA or GA3. Results thus suggest that the mechanism by 
which GA3 or BA delay senescence of Easter lily leaves is 
not via the preservation of carbohydrates. 
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treatments on the carbohydrate content of 
leaves. Excised leaves were treated with de- 
500 mg/1 
onon BA+GAj and were then kept in de-ionized water in a 
20 c, dark growth chamber. Table includes data from four 
sampling dates with sampling at intervals of six days, ending 
with senescence of the control leaves. Values are means of 
three replicate leaves. 
Treatment Starch 
(mg/g DW) 
Sucrose 
(mg/g DW) 
Fructose 
(mg/g DW) 
Control 4.7 21.6 c 24.4 b 
BA 6.8 ab 29.7 ab 25.7 b 
GA3 8.6 a 30.6 a 30.8 a 
BA+GA, 5.2 ab 25.4 be 25.9 b 
^ Mean separation in columns by Duncan's Multiple Range Test, 
P < 0.05. 
Table A.4 Effect of treatments on the starch content in 
Easter lily leaves after control leaves have senesced. 
Excised leaves were treated with 500 mg/1 of BA, 500 mg/1 of 
GAj, or 500 mg/1 each of BA+GAj and were then kept in de¬ 
ionized water in a 20°C, dark growth chamber. Table includes 
data from three sampling dates with sampling at intervals of 
six days. Values are means of three replicate leaves . 
Treatment Starch 
(mg/g DW) 
BA 1.8 b^ 
GA3 2.6 a 
BA+GA:^ 1.3 b 
^ Mean separation in columns by Duncan's Multiple Range Test, 
P < 0.05. 
75 
CQ 
X 
M 
Q 
55 
U 
Oi 
cu 
< 
tJ'Ti T3 
C 
•H 
(/) 
:3 
w 
Q) 
> 
fO 
0) 
Q) 
N 
•H 
C 
o 
•H 
I 
Q) 
Tl 
O 
O 
5-1 
Q) 
-P 
<4-1 
cn CP 
c 
0) -H 
0) rH 
a 
e 
OJ 
w D 
o 
<M 
^5-1 
< O 
O <^ 
Q) 
-P 
(/] 
03 
W 
-P 
C 
Q) 
4-> 
C 
o 
o 
Q) 
4-> 
03 
U 
Ti 
T3 
0 
4-) 
03 
0) 
P 
4-> 
a) 
u 
0) 
(/] 
0) 
> 
03 
0) 
P 
O 
< 
CQ 
<4-1 
O 
g 
o 
o 
p 
o 
o 
o 
o 
0) 
> 
•H 
<4-4 
g 
o 
p 
<p 
03 
P> 
03 
T3 
m 
0) 
73 
53 
W I 
0) 
> -- 
03 
0) 0) 
H CP 
03 
P 
O 
'O 
Q) 
m 
JC! 
O 
XI 
P 
03 
O 
<D 
x: 
-p 
M-l 
O 
<D 
O 
C 
03 
•H 
p 
03 
> 
<P 
O 
o 
o 
in 
P 
O 
0) 
tr* 
03 
p 
o 
X) 
i/i 
73 
o 
o 
Q) 
P 
O 
03 
Q) Q) 
P ^ 
-P 
o o 
C 
+1 -H 
CM (1) 
0) 
x 
p> -p 
w 
(1) 
.H T3 
•H •—) 
x O 
o 
W p 
tP 
C -P 
•H <4-1 
r-H 03 
g W 
5 QJ 
w -P 
03 
Q) 73 
P ? 
03 
C 
•H 
i3 
03 
H 
O 
X 
w 
-p 
c 
0) 
g 
■p 
p 
0) 
-p 
03 
w 
0 
> 
03 
0) 
P 
<D 
g 
^ X 
0) O 
a 
g 
03 
(A 
O 
4-> 
N 
•H 
c 
o 
•H 
I 
0) 
73 
(A 
•H 
(A 
5>1 Q) 
■ -P 
fO C 
rtj -H 
P o 
0) 
a p 
o 
(A 
A) 
> 
03 
<D 
-P 
o 
p 
CP 
P 
03 
73 
< 
CQ 
■P 
a - 
0) O 
X O 
O 
CM 
03 
O 
■P 
o 5 
p ^ 
-p ^ 
o “ 
Cl I C 
o " 
c? 
A) 4 
sS 
A) 
C 
A) 
lA 
03 
C 
03 
O 
CU O 
A) in 
2* ^ g a) 
CA 
A) 
> 73 
A) 
> 
O 
g 
OQ 
A) 
XI 
03 
A) 
A) 
P 
x: 
4J 
P 
A) 
-P 
03 
• C 
A) A) 
CPX 
03 4-> 
P 
O 
-P 
(A 
73 
C 
03 
g 
O 
O 
■P t3 
•H rH • 
^ O 'T o W 
tp nH 
C A) 
•H XJ > 
73 4-> P 
C A) 
A) C -P 
•H C 
(A ’H 
A) A) 
X> P >1 
03 A) 03 
73 73 
2 « 
•» 
« 
« 
CO 
O ^ 
. 
in 
• 
cn 
• 
VD 
53 ^ n VO 
P ? 
rH CO 
£ £ rH 
<4H VO 
73 rH 
« 
« « 
03 
« « « 
A) a» 0^ VO 
lA Q :g • • • 
0 fO o o 
0 CP 
53 cn CO 
iH Ct> 
O g^ 
rH 
<w VO 
73 rH 
« 
* 
A) :s 03 
* 
CO 
* 
CO rH 
m Q s • . • o in CM 
P CP CO CO CO 
0 CM lO 
53 CP 
W g 
rH 
<4H VO 
73 rH 
« « * 
X3 ? 
« 
* * * * * 
qQ 
t| 
03 CO CM CM 
S . • . 
o O CO 
rH 
CM 
CM 
4H VO 
73 rH 
C 
O 
-H 
4J 
03 -P 
•H C 
p A) 
03 g 
> P 
03 
<4H -p A) 
0 C P 
A) Eh 
A) g 
0 -P X 
P 03 
53 A) >1 5>i 
0 P 03 03 
03 E-« Q Q 
Ph 
76 
t
e
s
t
 
s
i
g
n
i
f
i
c
a
n
t
 
a
t
 
P
 
<
 
0
.0
5
, 
0
.0
0
1
, 
r
e
s
p
e
c
t
i
v
e
l
y
. 
Q) TJ 
4-> Q) 
03 M 
U -H 
TJ U 
>1 X 
x: w 
o 
XI 
u 
^ 4J 
c 
O Q) 
x: e 
03 
0) 
o u 
-p 
p 
o 
< 
PQ 
e E 
o o 
o u 
u ^ 
, T3 03 
rH 4-) 
O O 03 
U T3 
o w 
tT> o 0) 
e r- T3 
^ • :3 
5 o >—< 
o 
+1 c 
•H 
CM 
0) 
03 
O 
in 
P 
o 
"S ^ 3 
S ^ 
'w 
•H Eh 
R ^ 
0) 0) 
Ul > 
03 
<D 0) 
> fH 
03 
X 0) 
-9 
n o p 0) 
N 
2 «3 P C X O O S 4J 
^ ‘P ^ 
2 •-• 0) - 
o. n • 
I—I 
O 
u 
-p 
P roTJ 
nt ^ ^ 0) -H 
Q> P 
P O -P 
_c! r». 
O 
P 
Cn 
p 
03 
73 
0) 
O VI/ r 
, OQ ^ o -H 
^ ?<M ® ° 
i^-H O U_l 03 
c 
•H 
> 
o 
E 
03 
UJ 
03 ^ rH ^ 
oT "> 12 ° 
O D ” S ,rt 
S ® 2 « « e 
•3 Sg^ - ®
JO X2 
> >iXJ . „ 
rH -H (D (D 
01 0) tJ -P C ® 
O Q> ? 
C 5 
"‘.H 
c 
< 
CM 
CQ 
C 
.5 •> *H ,H 
*5 0) 
w iJ 
:3 
^ o 
E 
03 
01 (1) <D _ 
.H 4-> > 
XI C 03 mP O 
03 O 0) ^ O ^ 
Eh O <H O <w -P 
Q) 
01 IS « « 
0 Q cn 
« « « « « 
4-> CP 
rH LO 
O S • • • 
3 CP CM cr» p VO O o E rH CO iH 
73 ro rH cn 
0) S' W 
« « « 
« « « 
•It 
« 
01 Q O in 
0 S • • • 
u CP CM o CO 
CO CO in 
rH O' rH 
o E^ 
1 IM 
73 CO rH CO 
<D IS ♦ « 
01 
0 
Q 
W 
« 
•It 
* « 
rH 
« « 
CO P h' • • • 
O 
OP 
CO cn :3 CO rH CM w E 
73 CO rH CO 
S
ta
rc
h
 S' 
Q 
O' W rH 
♦ « 
in 
rH 
OP 
S • 
O 
• 
o 
• 
o 
<P 
TJ CO rH CO 
C 
0 
•H 
4J 
03 4-» 
•H C 
p QJ 
03 E 
> -P 
03 
<w x> 0) 
0 C P 
0) 
0) E 
0 4J X 
p 03 
:3 0) >1 >1 
0 P 03 03 
w E-* Q Q 
O 
> 
•H 
-p 
0 
Q) 
a 
01 
a) 
p 
tH 
O 
O 
O 
o 
VI 
cu 
x> 
03 
x> 
c 
03 
0 
•H 
•H 
c 
cr 
•H 
01 
-p 
01 
01 
■p 
* 
* 
* 
* 
« 
77 
^ 4- growth regulator treatments on the 
carbohydrate content of Easter lily leaves kept in cold 
Storage for four weeks. Excised leaves were treated with de- 
lonized water, 500 mg/l of BA or GA, before cold storage or 
500 mg/1 of BA or GAj after cold storage. Leaves were kept in 
de-ionized water in a 2 ± 0.7<»C cold room for four weeks and 
then moved to a 20°C, dark growth chamber. Table includes 
data from five sampling dates, ending with senescence of the 
control leaves. The five sampling dates include three 
samplings while the leaves were in the cold room (14-day 
intervals) and two samplings after cold storage (7-day 
intervals). Values are means of three replicate leaves. 
Treatment Sucrose 
(mg/g DW) 
Fructose 
(mg/g DW) 
Control 9.9 c^ 19.7 c 
BA before 19.7 a 25.4 ab 
GAj before 13.1 be 21.8 be 
BA after 18.2 ab 24.7 abc 
GA, after 16.0 ab 27.3 a 
^ Mean separation in columns by Duncan's Multiple Range Test, 
P < 0.05. 
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contLt- in starch and glucose 
weeks Excls^H ^ leaves kept in cold storage for four 
mn/n Af treated with de-ionized water, 500 
*^*3 before cold storage or 500 mg/1 of BA or GA, 
a 7 + n were kept in de-ionized water in 
^ weeks following which they were 
® 20<>C, dark growth chamber. Table includes data 
trom five sampling dates, ending with senescence of the 
control leaves. The five samplings include, three samplings 
while the leaves were in the cold room (14-day intervals) and 
two samplings after cold storage (7-day intervals) . 
Contrast (df=l) Starch Glucose 
(mg/g DW) (mg/g DW) 
con® vs bb on day 0 *** * * * 
con vs bb on day 14 * NS 
con vs bb on day 28 NS * 
con vs bb on day 35 NS ** 
con vs bb on day 42 NS NS 
con vs gb on day 0 NS ** 
con vs gb on day 14 NS NS 
con vs gb on day 28 NS NS 
con vs gb on day 35 NS * 
con vs gb on day 42 NS NS 
con vs ba on day 0 NS *** 
con vs ba on day 14 NS ■k 
con vs ba on day 28 NS NS 
con vs ba on day 35 NS ** 
con vs ba on day 42 NS ** 
con vs ga on day 0 *** *** 
con vs ga on day 14 NS ** 
con vs ga on day 28 NS ■k 
con vs ga on day 35 NS 
kk 
con vs ga on day 42 NS 
kk 
bb vs gb on day 0 *** NS 
bb vs gb on day 14 
bb vs gb on day 28 
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O
 (0 
bb vs gb on day 35 NS NS 
bb vs gb on day 42 NS NS 
bb vs ba on day 0 *** NS 
bb vs ba on day 14 * NS 
bb vs ba on day 28 NS NS 
bb vs ba on day 35 NS NS 
bb vs ba on day 42 NS ** 
bb vs ga on day 0 *** NS 
bb vs ga on day 14 * NS 
bb vs ga on day 28 NS NS 
bb vs ga on day 35 NS NS 
bb vs ga on day 42 NS ** 
gb vs ba on day 0 NS NS 
gb vs ba on day 14 NS NS 
gb vs ba on day 28 NS ** 
gb vs ba on day 35 NS NS 
gb vs ba on day 42 NS NS 
gb vs ga on day 0 *** * 
gb vs ga on day 14 NS NS 
gb vs ga on day 28 NS * * * 
gb vs ga on day 35 NS NS 
gb vs ga on day 42 NS NS 
ba vs ga on day 0 *** NS 
ba vs ga on day 14 NS NS 
ba vs ga on day 28 NS NS 
ba vs ga on day 35 NS NS 
ba vs ga on day 42 NS NS 
NS, *, **, *** Nonsignificant or significant at P < 0.05, 0.01, 
.001, respectively. ^ ^ 4. 
con, bb, gb, ba, and ga indicate leaves treated with water, 
BA before cold storage, GA^ before cold storage, BA after cold 
storage, and GA3 after cold storage, respectively. 
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Table B.5 Paired comparisons of the soluble sugar content in 
Easter lily leaves after the control leaves have senesced. 
Excised leaves were treated with 500 mg/1 of BA or GA, before 
cold storage or 500 mg/1 of BA or GAj after cold storage. 
Leaves were kept in de-ionized water in a 2 ± 0.7°C cold room 
for four weeks, following which they were moved to a 20°C, 
growth chamber. Table includes data from two sampling 
dates at intervals of seven days. 
Contrast (df =1) Sucrose 
(mg/g DW) 
Glucose 
(mg/g DW) 
Fructose 
(mg/g DW) 
bb= vs gb on day 46 *** *** *** 
bb vs gb on day 52 NS NS NS 
bb vs ba on day 46 NS *** *** 
bb vs ba on day 52 NS ** ** 
bb vs ga on day 46 NS NS NS 
bb vs ga on day 52 NS NS NS 
gb vs ba on day 46 *** *** *** 
gb vs ba on day 52 NS ★ NS 
gb vs ga on day 46 *** *** *** 
gb vs ba on day 52 NS * * NS 
ba vs ga on day 46 * *** *** 
ba vs ga on day 52 NS *** * 
NS, *, **, *** Nonsignificant or significant at P < 0.05, 0.01, 
0.001, respectively. 
® bb, gb, ba, and ga indicate leaves treated with BA before 
cold storage, GA, before cold storage, BA after cold storage, 
and GAj after cold storage, respectively. 
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conLnt of Easter inV I regulator treatments on the starch 
Excised 7, leaves treated at delayed intervals. 
Bro^GA treated with de-ionized water, 500 mg/1 of 
Dlant ^ seventh or tenth day after removal from the 
plant. Leaves were kept in de-ionized water in a 20°c dark 
It°5iLv^int^^■ data from three sampling'dates 
dav and^n first sampling date on the tenth 
the last date ending with senescence of the control 
leaves. Values are means of three replicate leaves. 
Treatment Starch 
(mg/g DW) 
Control 1.8 abc^ 
BA at 7 days 1.7 be 
GA3 at 7 days 2.3 a 
BA at 10 days 2.1 ab 
GA, at 10 days 1.6 c 
^ Mean separation in columns by Duncan's Multiple Range Test, 
P < 0.05. 
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Paired comparisons of the sucrose and glucose 
content in Easter lily leaves treated at delayed intervals. 
Excised leaves were treated with de-ionized water, 500 mg/1 of 
BA or GA3 on the seventh or tenth day after removal from the 
plant. Leaves were kept in de-ionized water in a 20dark 
growth chamber. Table includes data from three sampling dates 
at 5-day intervals, with the first sampling date on the tenth 
day and the last date ending with senescence of the control 
leaves. 
Contrast (df= =1) Sucrose 
(mg/g DW) 
Glucose 
(mg/g DW) 
con ̂ vs b7 on day 10 NS ** 
con vs b7 on day 15 ** *** 
con vs b7 on day 2 0 NS NS 
con vs g7 on day 10 NS NS 
con vs g7 on day 15 NS * 
con vs g7 on day 20 NS NS 
con vs blO on day 10 NS ** 
con vs blO on day 15 *** * * * 
con vs blO on day 20 NS NS 
con vs glO on day 10 ** NS 
con vs glO on day 15 * ■k 
con vs glO on day 20 NS NS 
b7 vs g7 on day 10 * NS 
b7 vs g7 on day 15 NS NS 
b7 vs g7 on day 20 NS NS 
b7 vs blO on day 10 NS ** 
b7 vs blO on day 15 NS NS 
b7 vs blO on day 20 NS NS 
b7 vs glO on day 10 *** 
** 
b7 vs glO on day 15 NS NS 
b7 vs glO on day 20 NS NS 
g7 vs blO on day 10 
* * 
g7 vs blO on day 15 
NS * 
g7 vs blO on day 20 
NS NS 
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Q
 
g7 vs gio on day lo * * 
g7 vs gio on day 15 NS * 
g7 vs gio on day 20 NS NS 
blO vs gio on day 10 *** **★ 
blO vs glO on day 15 NS NS 
blO vs gio on day 20 NS NS 
Nonsignificant or significant at P < 0.05, 0.01, 
.001, respectively. 
con, b7, g7, blO, and glO indicate leaves treated with BA on 
the seventh day, GAj on the seventh day, BA on the tenth day, 
and GAj on the tenth day, respectively. 
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able C.5 Paired comparisons of the sucrose content in Easter 
lily leaves after control leaves have senesced. Excised 
leaves were treated with 500 mg/1 of BA or GA, on the seventh 
or tenth day after removal from the plant and were then kept 
in de-ionized water in a 2 0°C, dark growth chamber. Table 
includes data from four sampling dates. 
Contrast (df=l) Sucrose 
 DW) 
b7® vs g7 on day 27 ** 
b7 vs g7 on day 33 *** 
b7 vs g7 on day 36 *** 
b7 vs g7 on day 41 ★ 
b7 vs blO on day 27 ** 
b7 vs blO on day 33 *** 
b7 vs blO on day 36 *** 
b7 vs blO on day 41 
b7 vs glO on day 27 NS 
b7 vs glO on day 33 NS 
b7 vs glO on day 36 ** 
b7 vs glO on day 41 * 
g7 vs blO on day 27 NS 
g7 vs blO on day 33 NS 
g7 vs blO on day 36 NS 
g7 vs blO on day 41 
* 
g7 vs glO on day 27 
*** 
g7 vs glO on day 33 
*** 
g7 vs glO on day 36 
NS 
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g7 vs gio on day 41 ns 
bio vs glO on day 27 *** 
blO vs glO on day 33 *** 
blO vs gio on day 36 ** 
blO vs gio on day 41 * 
^ WWW • ^ ^ ^ 
' indicate nonsignificant or significant at P < 0.05, 
.01, 0.001, respectively. 
con, b7, g7, blO, and glO indicate leaves treated with BA on 
the seventh day, GA^ on the seventh day, BA on the tenth day, 
and GA3 on the tenth day, respectively. 
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Table C.6 Effect of growth regulator treatments on the 
glucose content of Easter lily leaves after control leaves 
have senesced. Excised leaves were treated with 500 mg/1 of 
BA or GA3 on the seventh or tenth day after removal from the 
plant. Leaves were kept in de-ionized water in a 20dark 
growth chamber. Table includes data from four sampling dates. 
Values are means of three replicate leaves. 
Treatment Glucose 
(mg/g DW) 
BA at 7 days 1.1 b^ 
GA3 at 7 days 1.1 b 
BA at 10 days 1.4 b 
GA, at 10 days 2.4 a 
^ Mean separation in columns by Duncan's Multiple Range Test, 
P < 0.05. 
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